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Government Sapport 

The work lesolting in this invention was supported in part by National 
Institute of Health Grant No. R29-AR42556-01. The U.S. Government may therefore be 
entitled to certain rights in the invention. 
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DNA hinds to c«U mpmhratu> intenmU7i>H 

In die 1970's, several investigators rq)orted the binding of high molecular 
weight DNA to cell membranes (Lemer, RA., W. Meinke, and D.A. Goldstein. 1971. 
"Membrane-associated DNA in the cytoplasm of diploid human lymphocytes". Proc. Natl. 
Acad. Sci. USA 68:1212; Agrawal. S.K., R.W. Wagner, P.K. McAlUster, and B. Rosenbai. 
1975. "Cell-sur&ce-associated nucleic acid in tumoiigenic cells made visible with platinum- 
pyrimidine complexes by electron microscopy". Proc. Natl. Acad Sci. USA 72:928). In 
1985 Bennett et al. presmted the first evidence that DNA binding to lymphoQies is similar 
to a ligand receptor interaction: bindmg is saturable, competitive, and leads to DNA 
endocytosis and degradation (Bennett. R.M., G.T. Gabor, and MM. Merritt. 1985. "DNA 
binding to human leukocytes. Evidence for a receptor-mediated association, internalization, 
and degradation of DNA". J. Clin. Invest 76:2182). Like DNA, oUgodeoxyiibonucleotides 
(ODNs) are ablcto enter cells in a saturable, sequence independent, and temperature and 
energy dependent &shion (reviewed in Jaroszewski, J.W., and J.S. Cohen. 1991 . "OUular 
uptake of antisense oligodeoxynucleotides". Advanced I^g Delivery Reviews 6:235; 
Akhtar, S., Y. Shoji, and R.L. Juliano. 1992. "Pharmaceutical aspects of the biological 
stability and membrane tran^rt characteristics of antisense oligonucleotides". In: Gene 
; _ Regulation: Biology of Antisense UNA anrf HK^ R.p. Erick^ and J.G. Izant, eds. Raven 



25 



A.M. Kripg., 1994. "Stage-specific oligonucleotide vptaks in murine bone marrow B celf ' 
precursors". Blood, 84:3660). No receptor for DNA or ODN tq)take has yet been cloned, and 
it is not yet clear whether ODN binding and cell uptake occurs tiirough tiie or a di£faent - ■ 
mechanism finm that of high molecular weight DNA. 




f Lymphocyte QDN j^take^luj 
Vitiated with tiieiigil 

SUBSTmiTE SHEET (RULE 26) 




in the B cell population, vAule spleen cells treated with the T cell mitogen Con A showed 
enhanced ODN uptake by T but not B cells (Krieg;i^M:;f7r0melig-iMeyling, . Oourley, 
WJ. Ki^-LA. Chrisey, and AD. Steinbe]%;^99l7^%take^f^Ugodeo}giibom^^ 
by lynq)hoid cells is heterogeneous and inducible". ^ilnr/^eTz^e Research and Development 

1:161). 

Immune qffectx nf nucleic acids 

Several polynucleotides have been exteni^vely evaluated as biological 
response modifiers. Perhaps the best exao^le is poly (I,C) which is a potent inducer of IFN 
production as well as a maax)phage activator and inducer of NK activity (Talmadge, J.E.» J. 
Adams, H. Phillips, M. Collins, B. Lenz, M. Schneider, E. Schlick, R. Rufi&nann, R.H. 
Wiltrout, and MA. Chirigos. 1985. "Immunomodxdatory effects in mice of polyinosinic- 
polycytidylic acid complexed with poly-L>lysine and carboxymethylceliulose'*. Cancer Res. 
45:1058; Wiltrout, R.H., R.R. Salup, T.A TwiUey, and J.E. Tahnadge. 1985. 
"Immunomodulation of natural killer activity by polyribonucleotides". J. Biol Resp. Mod 
4:512; Krown, S.E. 1986. "Interferons and interferon inducers in cancer treatment". Sem. 
Oncol 13:207; and Ewel, C.H., S J. Urba, W.C. Kopp, J.W. Smith H, K.G. Steis, XL. Rossio, 
D.L. Longo, MJ. Jones, W.G. Alvord, CM. Pinsky, J,M. Beveridge. K.L. McNitt, and S.P. 
Creekmore. 1992. "Polyinosinic-polycytidylic acid complexed with poly-L-lysine and 
carboxymethylcellulose in combination with interleukin 2 in patients with cancer: clinical 
and immunological effects". Cane. Res, 52:3005). It q>pears that this murine NK activation 
may be due solely to induction of IFN ^ secretion (Isfaikawa, R, and C A. Biron. 1993. *'IFN 
induction and associated changes in splenic leukocyte distribution". J. Immunol 150:3713). 
This activation was specific for the ribose sugar since deoxyribose was inefifective. Its potent 
in vitro antitumor activity led to several clinical trials using poly (I,C) complexed witii poly- 
L-lysine and carboxymethylcellulose (to reduce degradation by RNAse) (Talmadge, J.E., et 
al., 1985. cited supra;, WUtrout, RH., et al., 1985. cited svpra); Krown, S.E., 1986. cited 
supra); and Ewel, C.H., et al., 1992. cited supra). Unfortunately, toxic side effects have tiius 
prevented poly (I,C) fiom beconaiiig a usefid therapeutic agent 

or a thiol group are B cell nutogens and may rei>lace cell differentiation Actors'* 
(Feldbush, TX,, and ZJL Ballas. 1985. ''Lynq) hold neryke activity of 8-mercq)toguanosine: 
induction of T and B cell differentiation". J. Immunol 134:3204; and Goodman, M.G. 1986. 
"Mechanism of synergy between T cell signals and CS^bstituted guanine nucleoside in 
humoral igununitir:^^ B lymphotropic cytokines induce reaponsn^ess to 8 



(Feldbush, TX., 1985. cited 5%q>ra), augment murine NK activity (Koo, G.C, M£. Jewell, 
ex. Manyak, RH. SigaU-and LvS>^Wioken 1988.-^Activati^ of murine natural killer cells 
.and.niacn;iphages..by«S::l!]3QmQg^ and synergize with IL-2 in 

inducing murine LAK generation (Thompson, R.A.. and Z.K, Ballas. 1990. •'Lymphokine- 
activated killer (LAK) cells. V. 8-Mercaptoguanosine as an IL-2-s[raring agent in LAK 
generation". J, Immunol 145:3524). The NK and LAK augmenting activities of these CSr 
substituted guanosines appear to be due to their induction of IFN (TEompson, R.A, et al. 
1990. cited siqjra). Recently, a 5' triphosphorylated thymidine produced by a mycobacterium 
was found to be mitogenic for a subset of human y5 T cells (Constant, P., F. Davodeau, M.- 
A. Peyrat, Y, Poquet, G. Puzo, M. Bonneville, and J.-J. Foumie. 1994. "Stimulation of 
human y5 T cells by nor^tidic mycobacterial ligands" Science 264:267). This report 
indicated the possibility that the inunune system may have evolved ways to preferentially 
respond to microbial nucleic acids. 

Several observations suggest that certain DNA structures may also have the 
potential to activate lymphocytes. For example. Bell ct ai. reported tfiat nucleosomal protein- 
DNA complexes (but not naked DNA) in spleen cell supematants caused B cell proliferation 
and immunoglobulin secretion (Bell, DA*, B. Morrison, and P. VandenBygaart. 1990. 
"Inununogenic DNA-related factors". J, Clin. Invest 85:1487). In other cases, naked DNA 
has been reported to have immune effects. For example, Messina et al. have recently 
reported that 260 to 800 bp fragments of poly (dG)»(dC) and poly (dG#dC) were mitogenic 
for B cells (Messina, LP., G.S. Gilkeson, and D.S. Pisetsky. 1993. "The influence of DNA 
structure on the in vitro stimulation of murine lymphocytes by natural and synthetic 
polynucleotide antigens"* Cell Immunol 147:148 ). Tokunaga, et al. have reported that dG« 
dC induces y-IFN and NK activity (Tokunaga, S. Yamamoto, and K. Namba. 1988. "A 
synthetic single-stranded DNA, poly(dG,dC), induces interferon-o/p and -y, augments natural : 
killer activiQr, and siqypresses tumor growth" Jpn. J. Cancer Res. 79:682). Aside from such 
artificial homopolymer sequences, Pisetsky et al. reported that pure mammaHfln DNA has no 
detectable immune effects, but that DNA from certain bacteria induces B cell activation and 
inummoglob^^ J.P., G.S. Gilkeson, and D.S^ Piseteky. IWl. : 

JlStimiSiifil^^^^tn^i^ InimunolT^^^ 
147: 1 759). Assuming that these data did not result from some unusual'contaminant, these 
studies sugge^ that a particular structure or other characteristic of bacterial DNA renders it 
citable of triggering B cell activation. Investigations of mycobacterial DNA sequences have 
demonstrated that^ODN ^^ch contain certain palindrome sequences can activate NK cells 
(Ywnaniotp,:S;?^t Ym£mibto, T. Kataoka, E. Kuramoto, O. Yano, and T. Tokunaga. 1992. 



Yano, Y. Kimuia, M. Baba, T. Makino, S. Yamamoto, T. Yatnamoto, T. Kataoka, and T. 
' Tokunaga. 1992. "Oligonucleotide sequmces requiied for natural killer cell activation". Jpn, ^ 
, ^J,.Gancer'Res. 83:1128). - . _ 



Several phosphorotfaioate modified ODN have been reported to induce in vitro 
- otin vivo B cell stimulation (Tanaka, T., C.C. Chu, and W£. Paul. 1992. "An antisense 
oUgonucleotide conq)Iementaiy to a sequence in lY2b increases Y2b gerndine tnii^^ 
stimulates B cell DNA synthesis, and inhibits immunoglobulin secretion". 1 Exp, Med 
175:597; Branda, ILF. , A.L. Moore, L. MaAews, J.J. McCormack, and G. Zoh. 1993. 
"Inmiune stimulation by an antisense oligomer oomplementaiy to the rev gene of 
Biochem. Pharmacol 45:2037; Mcln^, K.W., K. Lombard-Gillooly, J.R. Perez, C. 
Kunsch, U.M. Sarmiento, J.D. Larigan, K.T. Landreth, and R. Narayanan. 1993. "A sense 
phosphorothioate oligonucleotide directed to the initiation codon of transcription &ctor NF-k 
P T65 causes sequence-specific immune stimulation". Antisense Res, Develop. 3:309; and 
Pisetsky, D.S., and C.F. Reich. 1993. "Stimulation of murine lymphocyte proliferation by a 
phosphotothioate oligonucleotide with antisense activity for herpes simplex virus". Life 
Sciences 54:101). These reports do not suggest a common structural motif or sequmce 
element in these ODN that might explain their efifects. 

The CREB/ATFfamih of tramcrjpnon factors and their role inreplication 
The cAMP response elonent binding protein (CREB) and activating 
transcription factor (ATF) or CREB/ATF femily of transcription fiictors is a ubiquitously 
expressed class of transcription fiictors of ^iiich 1 1 members have so far been cloned 
(reviewed in de Groot, R.P., and P. Sassone-Corsi: "Hormonal coixtrol of gme eiq)ression: 
Multiplicity and versatility of cyclic adenosme 3',S'-monophosphate-resix>iL5ive nuclear 
regulators". Mol Endocrin, 7:145. 1993; Lee, KA.W., and N. Masson: Transcriptional 
regulation by CREB and its relatives". Biochim. Biophys. i4c/a 1174:221, 1993.). They all 
belong to the basic region/leucine apper G>Zip) class of proteins. All cells appear to express 
one or more CREB/ATF proteins, but the members e^qyressed and the regulation of mRNA 
: splicing appear to be tissue-specific. DiflferratialspUcing of activation domains <^ 

activator. MaiqrCR^/ATF proteins activate viral transaipti(m, but some splicing variants - 
vdiidi lack the acttvation domain are inhibitoiy. CREB/ATF proteins ca n bind DNA as - . > , - .r 
homo- or hetero- dimets through flie cAMP respohse elonent, the GR^ die oonsensusfom '^^.^if's,:^^. 
of \^di is the immethylated sequence TGACGTC (binding is diolisheid if the GpG is- ^ >^-: i ^ 
m^ylated) (Iguchi-Ariga, S.M.M., and W. Schafifoer:; "CpG:meayla^q|0>f tite^ -r^Tr^iT;?^ 



the transcriptiQiial activity of the CRE is ihS^^isedliunng B'c»U acdvatib 
(Xte» li T.C. Chiles, and T.L. Rotiistein: "Indaction of^EB^acdvity via the 
leceptor of B cells**. 1 Imnmnol 15VM% 1993.). CREB/ATF pioteins q)pear to regulate 
tiie eqxression of multiple genes tfarougih the CRE including immunologically important 
genes such as fos, jun B, Rb-1, IL-6, DL-l (Tsuk«ia» J., K. Saito, WJL Watmhai^ - - ^ ^ 

Webb, and P.E. Auion: "Transcription &ctorsNF-II^ and CREB recognize a conmion ;~ 
essential site in the human prointerleukm ip gene"* Mol Cell Biol. i¥:7285, 1994; Gray, 
G.D., O.M. Hernandez, D. Rebel, M Root, JM. Pow-Sang, and E. Wickstrom: *'Antisen% 
DNA inhibition of tumor growth induced by c-Ha-ras oncogene in nude mice". Cancer Res,-^ 
53:511, 1993), IFN-p (Du, W., and T. Maniatis: "An ATF/CREB binding site protein is 
required for virus induction of the human interferon B gene". Proc, Natl Acad Set USA 
892\SQ, 1992), TGF-pl (Asiedu, C.K., L. Scott, R.K. Assoian, M. EhrUch: "Buiding of AP- 
1/CREB proteins and of MDBP to contiguous sites downstream of the human TGF-Bl gene". 
BiocMm. Biophys. Ada 1219:55, 1994.), TGF-P2, dass U MHC (Cox, P.M,, and C.R. 
Goding: **An ATF/CREB biiidiiig motif is required for aberrant coiistitutiveesqi^ 
the MHC class II DRa promoter and activation by SV40T^tign". Nucl Adds Res. 
20:4iB 1 , 1 992.), E*selectin, GM-CSF, CD-8a, die germline Iga constant region gene, the 
TCR Vp gene, and the prolifoating cell nuclear antigen (Huang, D., P.M. Shipman- 
Appasamy, D J. Orten, S.H. Htnrichs, and MB. Prystowsky: "Promoter activity of the 
proliferating-cell nuclear antigen gene is associated with inducible CRE-fainding proteins in 
interleukin 2-stimulated T lymphocytes". Mol Cell Biol 14:4233, 1994.). In addition to 
activation through die cAMP pathway, CREB can also mediate transcriptional responses to 
changes in intracellular Ca*^ concentnition (Sheng, M, G. McFadden, and MJB. Greenberg: . 
"Membrane depolarization and calcium induce c-fos transcription via phosphorylation of - ^ ~ 
transcription fector CREB". Neuron 4:511, 1990). 

The role of protein-protein interactions in transcriptional activation by 
CREB/ATF proteins appears to be extrranely inqKntant. Activation of CREB tiirough ttie r r-^- 
cyclic AMP patiiway^requires^protein kinase'A (PK^^ 

SCT ahdsdlows it tDjpiiid to a rromd^ cloried fnotem^ CBP-(KwoI^R:PlS., J.E^ Lundblad,^ 
J.C. Chrivia, J.P. Richards, H.R Bachinger, ILG. Brennan, S.G.E. Roberts, M.R. Green, and 
RJI. Goodman: "Nuclear protein CBP is a Goacti\^r for.the.tensaiptira^ ^ - j^. : 

Nature 370:223, 1994; Arias, J., AS. Alberts, RBrindle^if^^ ^ 
Feramisco, and M. Montminy : "Activation of cAMP and mitogen responsive genes relies on 
a common nucle»L&ctor^:/7^al^ CBP in tum mtafacts with die basal 
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regulate transcription (Feirm,K.iG.GUU and M.M^^ "The c AMP-regtilated 
transcription fiurtor GR^^iiitdacts wtfa a com^xment the TFHD comploc". Proc, Natl 
— Acad Sci.4JSA^2^2\0A99A.).^9d^^ CREB/ATF proteins can 

specifically bind multiple other nuclear fectors (Hoeffler, J.P., J.W. Lustbader, and C.-Y. 
Chen: Identification of multiple nuclear fitctors that interact with ^clic adenosine 3',5*- 
monophosphale response element-binding protein and aodvadmg transoiption ftctor-2 by 
protein-protein interactions". Mol Endocrinol 5:256, 1991) but the biologic significance of 
most of these interactions is unkno^vn* CREB is normally thotight to bind DNA either as a 
homodimer or as a heterodimer with several otfier proteins. Surprisingly, CREB monomers 
constitutivety activate transcription (Knge^^ki, W., and K.A. W. Lee: "A monommc 
derivative of the cellular transcription &ctor CREB fimctions as a constitutive activator". 
MoL Cell Biol 14:7204, 1994.). 



Aside from their critical role in regulating cellular transcription, it has recently 
IS been shown dmt CREB/ATF proteins are subverted by some iiifecdous viruses and 

retroviruses, which require them for viral replication. For exair4)le, the cytomegalovirus 
immediate early promoter, one of Ae strongest known mammalian promoters, contains 
eleven copies of the CRE M^iich are essential for promoter function (Chang, Y.-N., S. 
Crawford, J. Stall, D.R. Rawlins, K.-T. Jeang, and G.S. Hayward: "The palindromic series I 
20 repeats in the simian cytomegalovirus major immediate-early promoter behave as both strong 
basal enhancers and cyclic AMP response elements". J. Virol 64:264, 1990). At least some 
of the transcriptional activating efiEects of the adenovirus El A protein, vMck induces many 
promoters, are due to its biiiding to the DNA bindirig donuiih of the CREB/ATF protein 
ATF-2, vAnch mediates El A inducible transcription activation (Liu, F., and M.R. Green: 
25 "Promoter targeting by adenovirus Ela througih interadion with difGorent cellular DNA- 

binding domains" . Nature 368:520, 1994). It has also been suggested tiiat El A binds to the _ 
CREB-binding protein, CBP (Arany, Z., W.R. Seliors, D.M . Livingston, and R. Eckner: 
"El A-associated p300 and CREB-«ssociated CBP belong to a conserved fiunily of .... 
coactivators". Ce// 77:799, 1994). Human TIyn[q>hotropicvirus-I(HTLV-l), the retrovirus 



^^^l^^pS^^^^ii p» retrovirus pfbdtj^y^ which biridsto^ 

CREB/ATF proteins and redirects them from their nonnal celhdarln^ 
:^ : ^ - DNA sequences (flanked by G- and C-rich sequences) present within the HTLV ^ J 

transmptional enhancer (Paca-Uocaralerticun, S., L.-J. Zhao,N. Adya, J.V. Cross, B.Rr^ 2? 
: ^ 35 CuUen, LM Boros, and C.-Z. Giam: "In vitro selection ofDNAelonents highly responsiye 

to ti^hmnan^T^U lyinphotropic virus type I transcriptional activator. Tax". Mo/. ^ 

[^^ia^naiig,.!. Borps, and CcZ ^^^ "E^^s^ 
i^^residts^fivTi^^ 



leidcenw smd^tiopk^ alsoTeqiu^ 
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positions 282-284 near the conserved DNA-binding domain of CRJEB". Proc. Natl. Acad. 
Set. USA P/:5642, 1994), / 



S Summary of the Invention 



The instant invention is based on the finding tiiat certain oligonucleotides 
containing unmethylated cytosine-guanine (CpG) dinucleotides activate lymphocytes as 
evidenced by in vitro and 'ih vivo data. Based on this finding, the invention features, in one 
^10, aspect, novel immunostimulatory oligonucleotide compositions. 

In a prefored embodiment, an inmunostinadatory oligonucleotide is 
synthetic, between 2 to 100 base pairs in size and contains a consensus mitogenic CpG motif 
represented by the formula: 
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5' X,X2CGX3X4 3' 

wherein C and G are unmethylated, X] , X2, X3 and X4 are nucleotides and 
a GCG trinucleotide sequence is not present at or near the 5' and 3' termini. 

For fecilitating uptake into cells, CpG containing immunostifflulatory 
oUgonucleotides are preferably in the range of 8 to 40 base pairs in size. Ptolonged 
immunostimulationcan be obtained using stabilized oligonucleotides, particularly 
phosphorothioate stabilized oligonucleotides. Enhanced immunostimulatoiy activity has 
been observed where X,X2 is the dinucleotide GpA and/or X3X4 is the dinucleotide is most 
preferably TpC or also TpT. Furth» enhanced immunostimulatoiy activity has been 
observed where the consensus motif X,X2CGX3X4 is preceded on the 5' end by a T. 

In a second aspect, lbs invention features useftd methods, which are based on 
the inmiunqstimplatoiy„actii^ty of ttie oligonucleotides. For exMple; lymphqcytra.can^eitfi^^ 
p^be obfeined fibtn'lrkibject.aiul'^imy^^ Wvouj»nclrata^ *^ ^ 

oUgonucleotide; or a non-methylateSCpexontaining oligonucleotide canle administeed to - 
a subject to fecilitate in vivo activation of a subject's lymphocytes. Activated lymphocytes, ; '.^^^^ 
stimulated by the methods described herein (e.g. either ex vivo or m^ivo), ci^ boost a ilii^^^ 
subject's immune response. The immunostimulatoiy oligonucleotides can tiierefore be used 
tp teeat, prevent or ameliorate aa immune system deficimcy (e.g., aftm^;Or cancer or a 
5^tegt§r^rp^ 






SUBSTITUTE SHEET(RU£i 1^1 



W09M25S5 



25 




response to a vaccine, I Further, the ability of immunostimulatory cells to'iriduce leukemic 
cells to enter the cell cycle, suggests a utility for treating leukemia by increasing the 
5 sensitivity of chronic leukemia cells and then administering conventional ablative 
chemotherapy. 

In a third aspect, the invention features neutral oligonucleotides (i.e. * -t :v : 
oligonucleotide that do not contain an unmcthylated CpG or which contain a methylated CpG , 

1 0 dinucleotide). In a preferred embodiment, a neutralizing oligonucleotide is complementary to 

an immunostimulatory sequence, but contains a methylated instead of an unm^^ ^ „ 

dinucleotide sequence and therefore can compete for binding with unmethylated CpG 
containing oligonucleotides. In a prefenred embodiment, the methylation occurs at one or 
more of the four carbons and two nitrogens comprising the cytosine six member ring or at 

1 5 one or more of the five carbons and four nitrogens comprising the guanine nine member 
double ring. 5' methyl cytosine is a preferred methylated CpG. 

In a fourth aspect, the invention features useful methods using the neutral 
oligonucleotides. For example, in vivo administration of neutral oligonucleotides should 
20 prove useful for treating diseases such as systemic lupus erythematosus, sepsis and 

autoimmune diseases, which are caused or exacerbated by the presence of unmethylated CpG 
dimers in a subject. In addition, methylation CpG containing antisense oligonucleotides or 
oligonucleotide probes would not initiate an inunune reaction when administered to a subject 
in vivo and therefore would be safer than corresponding unmethylated oligonucleotides. 



In a fifth aspect, the invention features immunoinhibitory oligonucleotides, 
which are capable of interfering with the activity of viral or cellular transcription factors. In a 
preferred embodiment, immunoinhibitory oligonucleotides are between 2 to 1 00 base pairs in 
size and contain a consensus immunoinhibitory CpG motif represented by the formula: 
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_ 5'GCGXnGCG3' 



wherein X ^^anwleotide and n = in the i|m 7^ 



embodiment, X is a pyrimidine. , 

For facilitating uptake into cells, inmnmoinWbitbry dUgonucleotides are 
orcfcrably in the range of 8 to 40 base pairs in size. Prolonged(biologic cffec^^^ be 




W0 96A)2555.^ 




In a sixth and final aspect,.the.inv:aition features ji^ous uses for 
immunoinhibitory oligonucleotides. Immtmpinhibitoiy oligpnudratides have antiviral 
activity, indq>aident of any antisense effect due to con^ilenimtid^.between Ae 
oligonucleotide and ^ viral sequence being targeted 

5 

Other features and advantages of the invention WiU^beodme more q)parent 
fiom die foUowing detailed description and claims. 



10 Detailed Description of the Invention ^ f T 

Definitions 

As used herein, the following terms and phiases shall have the meanings set 

forth below: 

15 

An "oligonucleotide'* or "oligo" shall mean multiple nucleotides (i.e. 
molecules comprising a sugar (e.g. ribose or deoxyribose) linlasd to a phosphate group and to 
an exchangeable organic base, ^^ch is either a substituted pyrimidine ( e.g. cosine (C), 
thymine (T) or uracil (U)) or a substituted purine (e.g. adenine (A) or guanine (G)). The term 
20 "oligonucleotide" as used hmm refers to both oligoribonucleotides (ORNs) and 
oligodeoxyribonucleotides (ODNs). The term "oUgonucleotide" shall also include 
oligonucleosides (i.e. an oligonucleotide mimxs the phosphate) and any other organic base 
containing polymer. Oligonucleotides can be obtained fiom existing nucleic acid sources 
(e.g. genomic or cDNA), but are preferably syndietic (e.g. produced by oligonucleotide 
25 syntiiesis). 

A"stabilized oligonucleotide" shall mean an oligonucleotide that is relatively 
resistant to in vivo degradation (e.g. via an exo- or endo-nuclease). Preferred stabilized 
oligonucleotides of the instant invention have a modified phosphate badcbone. Especially 
^^C( -^pre^red qljygg ^Dl^!^ (i>e. at,; . ;^ . 

^^^^^ist^n^^tite^ Other stdi^^ oligionUci^ 

include: nonionic DNA analogs, such as alkyl- and aryl- phosphonates (in wfiich^e charged 
^ phosphonate oxygen is replaced by an alkyl or aryl group), phosphodiester and . : ^ 

' alkylphosphotriesters, in which &e chsirged oxygm moiety is alkylated. Oligonucleotides ' - ^ 

35 which contain a dioL such as t etraeth vlcneglvcol or hcxaethvlencglvcoL at eitha- or both 
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^ . An -Inununostimulatoiy oligonucleotide", "immupostimulatory CpG 
containing oligonucleotide", or "CpG ODN" refer to an oligonucleotide, which contains a 
cytosine, guanine dinucleotide sequence and stimulates (e.g. has a mitogenic effect) on 
vertebrate lymphocyte^ Preferred immunostimulatory oligonucleotides are between 2 to 100 
base pairs in size and contain a consensus mitogenic CpG motif represented by the formula: 

— . -.sr. X1X2CGX3X4 ^ 

wherein C and G are unmethylated, X [ , X2, X3 and X4 are nucleotides and 
a GCG trinucleotide sequence is not present at or near the 5' and 3* termini. 



Preferably the inmiunostimulatory oligonucleotides range between 8 to 40 
15 base pau-s in size. In addition, the immunostimulatory oligonucleotides are preferably 
stabilized oligonucleotides, particularly preferred are phosphorothioate stabilized 
oligonucleotides. In one preferred embodiment, X1X2 is the dinucleotide GpA. In another 
preferred embodiment^ X3X4 is preferably the dinucleotide TpC or also TpT. In a particularly 
preferred embodiment, the consensus motif X1X2CGX3X4 is preceded on the 5' end by a T. 
20 Particularly preferred consensus sequences are TGACGTT or TGACGTC. 



A "neutral oligonucleotide** refers to an oligonucleotide that does not contain 
an uimiethylated CpG or an oligonucleotide v^ch contains a methylated CpG dinucleotide. 
In a preferred embodiment, a neutralizing oligonucleotide is complementary to an 

25 immimostimulatory sequence, but contains a methylated instead of an uiunethylated CpG 
dinucleotide sequence and therefore can compete for binding with immethylated CpG 
containing oligonucleotides. In a preferred embodiment, the methylation (K:curs at one or 
more of the four carlx>ns and two nitrogens comprising the cytosine six member ring or at 
one or more of the five carbons and four nitrogens comprising the guanine nine member 

30 double ring. 5' methyl cytosine is a preferred methylated CpG. ^ - ^[ ' 



i^y^±^^i*.^_7 > - ^ ;>^,"immunoinhibitory oligonucleotide">o 



containing oligonucleotide" is angi gonu cteotidc that is citable of iiat©^^ 
activity of viral or cellular transcription factors ((support in sununary of the invention, page 
ir4t^i.L.^-35 ' 8). Preferable immunoinhibitoiy oligonucleotides are betwew| rfcJOQ l)ase.p 

' ' can be represented by the formula: 

r.:^^^^f;!^^ ■ 5*GCGXnGCG3' 

wherein X - a nucleotide and n = in 
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For &cilitating uptake into cells, immunoinhibitory oligonucleotides are 
preferably in the range of 8 to 40 base pairs in size. Prolonged immunostimulation can be -r ^ - 
5 obtained using stabilized oligonucleotides, particularly phosphbrothioate stabilized. ' ^ ~ 



"Palindromic sequence" shall mean an inverted repeat (i.e. a sequence such as 
ABCDEE^D'CBW in wdiich A and A* are bases enable of foraiing the usual Watson-Crick 
base pairs. In vivo, such sequences may form double strianded structures. 
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. ^^cf-™ . An "oligonucleotide delivery complex" shall mean an oligonucleotide „ „ ^ , , . - 

associated with (e.g. ionically or covalently bound to; or encapsulated within) a targeting 
means (e.g. a molecule that results in higher afOnity binding to target cell (e.g. B-cell and 
natural killer (NK) cell) surfaces and/or increased cellular uptake by target cells). Examples 
13 of oligonucleotide delivery complexes include oligonucleotides associated with: a sterol (e.g. 
cholesterol), a lipid (e.g. a cationic lipid, virosome or liposome), or a tai^et cell specific 
binding agent (e.g. a ligand recognized by target cell specific receptor). Preferred complexes 
must be sufiSciently stable in vivo to prevent significant imcoupling prior to internalization by . ^ 
the target cell. However, the complex should be cleavable under appropriate conditions 

20 within the cell so that the oUgonucleotide is released in a fimctional form. 

An "immune system deficiency" shall mean a disease or disorder in which the 
subject's immune system is not fiinctioning in normal capacity or in which it would be usefiil 
to boost a subject's immune response for example to eliminate a tumor or cancer (e.g. tumors 
25 of Ae brain, lung (e.g. small cell and non*small cell), ovary, breast, prostate, colon, as well as ' ~ 
other carcinomas and sarcomas) or a viral (e.g. HIV, herpes), fungal (e.g. Candida sp.\ 
bacterial or parasitic (e.g. Leishmania, Toxoplasma) infection in a subject . „ „ . . 

A "disease associated with immune system activation" shall mean a disease or: : ^ ^: 
30 ' condition caused or exacerbated by activation of the subject's inmiuhe system. Examples 
include systemic lupus erythematosus, sepsis and autoimmune diseases such as rheumatoid 
arthritis and multiple sclerosis. \ 



A "subject" shall mean a human or vertebrate animal mcluding a dog, cat, 
35 horse, cow, pig, sheep, goat, chicken; monkey, rat, mousey etc. t^^^S?5 
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Cgr/fliw Uiutteihvlated CoG CnntaininP Olims Have B Cell Rthmilatnrv 

AcMty As ShQwn in vitrQ mdinYiYp 
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In the course of investigating the l]^phpcyte stimulatory effects of two 
antisense oligonucleotide specific for endogenous retroviral sequences, using protocols 
described in the attached Examples 1 and 2, it was surprisingly found diat two out of twenty- 
four "controls" (including various scrambled, sense, and mismatch coiotrols for a panel of 
"antisense" ODN) also mediated B cell activation and IgM secretion, ^^le the other 
"controls" had no effect. 

Two obsoi^tions suggested that the mechanism of this B cell activation by 
the "control" ODN may not involve antisense effects 1) comparison of vertebrate DNA 
sequences listed in GenBank showed no greater homology than that seen with non- 
stimulatoiy ODN and 2) the two controls showed no hybridization to Nohhem blots with 1 0 
^g of spleen poly A+ RNA. Resynthesis of these ODN on a different synthesizer or 
extensive purification by polyacrylamide gel electrophoresis or high pressure liquid 
chromatography gave identical stimulation, eliminating the possibility of an impurity. 
Similar stimulation was seen using B cells firom C3H/HeJ mice, eliminating the possibility 
that lipopolysaccharide (LPS) contamination could account for the results. 

The fiict that two "control" ODN caused B cell activation similar to that of the 
two "antisense" ODN raised the possibility that all four ODN were stimulating B cells 
through some non-antisense mechanism involving a sequence motif that was absent in all of 
the other nonstimuiatory control ODN. In comparing diese sequences, it was discovered that 
all of die four stimulatory ODN contained ODN dinucleotides that were in a different 
sequence context from the nonstimuiatory control. 



To detennirie wiiether die CpG motif presoit in the stimulatory ODN was 
responsible for the observed stimulation, over 300 ODN ranging in length fiom 5 to 42 bases 
30 that contained methylated, unmethylated, or no CpG dinucleotides in various sequence 
'J^ contexts were qrnthesized: These ODNs, including the two origirial "cb^ols"t^D^ 

2) and two originally synthesized as "antismse" (ODN 3D and 3M; Krieg7A.MrJ Immunol 
7^^5:2448 (1989)), were then exaniiiied for in vitrp e^^ 

sequences are listed in Table 1). Several ODN tliat contained CpG dinucleotides induced B 
35 cell activation and IgM secretion; the niagnitude of diis stiniulation typically could be 

^increased by ad^ngniOTe dinucleotides (Table 1 ; compare ODN 2 to 2a or 3D to 3Da 

^antiserise inechanisin ojimpuri^ 
fpopulations.^ 







-13- 



MitogCTic ODN sequences uniformly became nonstimulalbiy if the CpG 
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dinucleotide was mutated (Table l;cQnqrare ODN 1 to la; 3D to 3Dc; 3M to 3Ma; and 4 to 
4a) or if the cytosine of the CpG dinucleotide was replaced by 5-methyicytosine (Table 1 ; 
ODN lb,2b^c,3Dd, and 3Mb). In contrast, methylation of other cytosines did not reduce 
ODN activity (ODN Ic, 2di 3De and 3Mc). These data confimied that a CpG motif is die 
essential element present in ODN that activate B cells. 



In the couise of these studies, it became clear that the bases flanking the CpG 
dinucleotide played ah unportEint role in detennining the B cell activation induced by an 
ODN. The optimal stimulatory motifwasdeteroiined to consist ofa CpG flanked by two 5' 
purines (preferably a GpA dinucleotide) and two 3' pyrimidines (preferably a TpT or TpC 
dinucleotide). Mutations of ODN to bring Ae CpG motif clos^ to this ideal improved 
stimulation (e.g. compare ODN 2 to 2e; 3M to 3Md) while mutations that distuAed the motif 
reduced stimulation (e.g. compare ODN 3D to 3Df; 4 to 4b, 4c and 4d). On the other hand, 
mutations outside the CpG motif did not reduce stimulation (e.g. compare ODN 1 to Id; 3D 
to3Dg;3Mto3Me). 



4e). Among the fotty-cight 8 hasc ODN tested, the most stimulatory sequence identified was 

TCAACGTT (ODN 4) ^ch contains flie self con^>lementary "palindrome" AACGTT. In 

further optimizing this motif, it was found that ODN containing Gs at both ends showed 

increased stimulation, paiticularly if the the ODN were rendered nuclease resistant by 

phosphorothioate modification of tiietenmmalintemucleotidelmkages. ODN 1585 (5* "' ' 

GGGGTCAACGTTCAGGGGGG 3' (SEQ roNO:!)), in which the first two and 1^ 

intemucleotide linkages are phosphorbthioate modified caused an average 25.4 fold ittcrau;e * 

m mouse spleen cell proliferation conqiared to an average 3.2 fold increase in proliferation 

induced by ODN 1638, \^ch has the same sequence as ODN 1585 excq>t that the 10 Gs at ' 

the two ends are rq)laced by 10 As. The eflfect of the G-rich ends is cis; addition of an ODN^ ^ ^ - ^ : 

witii poly G ends but no CpG motif to cells along with 1638 gave no increased pibUfcration: ^ -^^^^^ 






Other octamer ODN contaimngTS base palindrome with a TpC dinucleotide 
r at the 5 - end woe also active if they woe close to the optimal motif (e.g. ODN 4b,4c). Odier-: / [ :>S-i^r?^4^ 
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4 


TCAAOGTT - : 


5^ h±'k4 > ^ 


- 192 ±52 










4b 


. . .QCfiC. 


4.5^0.2 


9.6 ± 3.4 


4c 




2.7.11.0 


ND 


4d 




1.3 ± 0.2' , .; - 




4e 




1.3 ±0.2 


1.1 ±0.5 


4f 


c. . 


3.9 ±1.4 


ND 


4g 


.CT 


1,4 ± 0.3 


ND 


4h 


^.c 


1.2 ±10.2 -/>^^^^: 


--'-ND; ;'- 


LPS 




7.8 ±2.5 


4.8±1.0 



' Stimulation indexes are the means and std. dev. derived from at least 3 separate experiments, and are 
compared to wells cultured writh no added ODN. ND» not done. CpG dinucleotides are underlined. Dots 
indicate identity; dashes indicate deletions. Z indicate 5 methyl cytosine.) 
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The kinetics of lymphocyte activation were investigated using mouse spleen 
cells. When the cells were pulsed at the same time as ODN addition and harvested just four 
hours later, there was already a two-fold increase in uridine incorporation. Stimulation 
peaked at 12-48 hours and then decreased. After 24 hours, no intact ODN were detected, 
perhaps accounting for the subsequent fell in stimulation uiien purified B ceils with or 
without anti-IgM (at a sufamitogenic dose) were cultured with CpG ODN, proliferationwas 
found to synergistically iitcrease about lO-fold by the two mitogens in combination after 48 
hours. The magnitude of stimulation was concentration dependent and consistently exceeded 
that of LPS under optimal conditions for both. Oligonucleotide containing a nuclease 
resistant phosphorothioate backbone were syvproximately two himdn^ time^ UGLore jxitent Aan 
uiunodified oligonucleotides. ^ > , 



Cell cycle analysis was used to determine the proportion of B cells activated — 
by CpG-ODN. CpG-ODN induced cyclmg in more than 95% of B cells (Table 2). Splenic B 
lynq)hocytes sort^ by flo w cytQxiiebXJii^ CD23- (marginal zo^fEmdtCD23+ (follicular) 
subpopulations were equally responsiy^^pDN- induced stunulation, as were both resting 
and activate^ i>opulatioiis of B cells isolated by fiactipnatipn over Pmoll gradients. These 

feceU cycle. 





->..-. . -...Table 2: GeU-Cycle Analysis with CpG ODN 





GO 


Percent of cells in 

GI 


SA+G2+M 


Media 


97.6 


2.4 


0.02 


ODN la 


9S.2 


4.8 


0.04 


ODN id 


~ ■ - - - -2.7 - 


' 74.4 


22.9 


ODNSDb 


3.5 


76.4 


20.1 


LPS(30|igAnl) 


173 


70.5 


12.2 



The mitogenic effects of CpG ODN on human ceUs, were tested on peripheral 
blood mononuclear cells (PBMCs) obtained from two patients with chronic lymphocytic 
leukemia (CLL), as described in Example L Control ODN containmg no CpG dinucleotide 
sequence showed no effect on the basal proliferation of 442 cpm and 874 cpm (proliferation 
measured by thymidine incorporation) of the human cells. However, a phosphorothioatc 
modified CpG ODN 3Md (SEQ ID NO: 25) induced increased proliferation of 7210 and 
86795 cpm respectively in the two patients at a concentration of just 1 ^M. Since these cells 
had been frozen, they may have been less responsive to tiie oUgos than fresh cells in vivo. In 
addition, cells from CLL patients typically are non-proliferating, ^ch is why traditional 
chemotherapy is not effective. 

Certain B cell lines such as WEHI-231 are induced to undergo growth arrest 
and/or apoptosis in response to crosslinking of thdr antigen receptor by anti-IgM (Jakway , ; 
J.P. et al., "Growth regulation of the B lymphoma cell line WEffl-23rby~anti-^^ - 
immunoglobulin, lipopolysaccharide and other bactenal products" J. ImniimL n 
(1986); Tsubata, T„ J. Wu and T. Honjo: B-cell q)optosis induced by antigen rectptoP^-^ 
crosslinking is blocked by a T-ceU signal thraigh CD40." Nature 364: 645 (1993)). WEHI^ 
231 cells are rescued from fliis growth arrest "by csnain stimuli such as LPS and by ttie CD40. 
«^ ligand. ODN containirig the CpG motifwere also found to protert WE^^ 
" "^induoed growth arrest, indicating that accessory cell populations are nbtreqifiuc^ 
effect 
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ODN M/eie not found to induce purified macrophages to produce prostaglandin PGE2. In 
fiict, no apparent dir^t effect of CpG ODtivm detected on either macrophage or T celis/ 
^In vivo or in whole spleen cells, no significant increase in tiie following interleukins: IL^y- 



IL-3, IL-4, or IL-IO was detected within the first six hours. However, Ae level of IL-6 
increased strikingly within 2 hours in the serum of mice injected with Inoeased 
^inession of IL-12 and interfieron gamma (IFN^) spleen cells was also detected within 
the first two hours. 
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To determine v^ether CpG ODN can cause in vivo immune stimulation, 
DBAy2 mice were injected once intraperitoneally with PBS or phosphorothioate CpG or non- 
CpG ODN at a dose of 33 mg/kg (approximately 500 ^g^iouse). Pharmacokinetic studies in 
mice indicate that this dose of phosphorothioate gives levels of i^roximately 10 ^g/g in 
spleen tissue (within the effective concentration range determined from the in vitro studies 
described herein) for longer than twenty-four hours (Agrawal, S. et al. (1991) Proc, Natl 
Acad ScL USA 91 :7595), Spleen cells from mice were examined twenty-four hours after 
ODN injection for expression of B cells sur&ce activation markers Ly-6A/E, Bla-1, and class 
n MHC using three color flow cytometry and for their spontaneous proliferation usin^ 
thymidine. Expression of all three activation markers was significantly increased in B cells 
from mice injected with CpG ODN, but not from mice injected witfi PBS or non-CpG ODN. 
Spontaneous thymidine incorporation was increased by 2-6 fold in spleen cells from mice 
injected with the stunulatory ODN compared to PBS or non-CpG ODN-injected mice- After 
4 days, serum IgM levels in mice injected with CpG ODN in vivo were increased by 
approximately 3-fold compared to controls. Consistent with the inability of these agents to 
activate T cells, there was nmmnal change in T cell expression of the IL-2R or CD-44. 

Degradation of phophodiester ODN in smun is prodbminandy niediated by 3' 
exonucleases, while intracellular ODN degradation is more conqdex, mvohring 5' md 3' 
^onucleases and endonucleases. Using a panel of ODN bearing tiie 3D sequmce with, - 
varying numbers of phosphorothioate modified Unkages at the 5' and 3* ends, it was - 
empirically determined that two 5' and five 3* modified linkages are required to: proyidej 
optimal stimulation_with this CpG ODN, _ ' r — 



TJnmPthylated CpG Containin g Olifnx Have NK Cell Stimulmorv ActiviiV 
As described in further detail in Example 4, e}q>CTiinent5 w^ conduct^ 
determine whether CpG containing oligonucleotides stimulated the activity of natural killer 
(NK) cells in addition to B cells. As sho^^^Jafc^ induction Qf jNK a<^i^^ 

p^^-i f amoiig'spli^hlceU^^du^ 
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Tables: Induction Of NK ActivityJ^ CpG OligodM^nucjMtid^^ 



ODN 
None 
1 

3Dd 

non-CpG ODN 



% YAC-1 Specific Lysis* 
Effector: Taiget 



50:1 
-l.l 
16.1 
17.1 
-1.6 



100:1 

-1.4 

24.5 

27.0 

-1.7 



%2C11 Specific Lysis^ 
Effector: Target 
50:1 f-lOO:! -; > 
15.3 16.6 : 

38.7 47.2 
37.0 40.0 - 

14.8 15.4 



Neutralizing Activity of Methylated CpG C nntamm^ nii^nt 
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B cell mitogenicity of ODN in which cytosines in CpG motifs or elsewhere 
were replaced by 5-methylcytosine were tested as described in Example 1 . As shown in 
Table 1 above, ODN containing mediylated CpG motifs were non-mitogenic (Table 1; ODN 
Ic, 2f, 3De, and 3Mc). However, methylation of cytosines other than in a CpG dihudeotide 
retained their stimulatory properties (Table 1 , ODN Id, 2d, 3Df, and 3Md). 
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Immuminhif)itory Activity nf Olitrn^ Cnntnininif a GCn T rmuelentide 
Sequence at or near hnth termini 
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In some cases, ODN containing CpG dinucleotides that are hot in the 
stunulatoiy motif described above were found to block the stimulatoiy effect of other 
mitogenic CpG ODN. Specifically the addition of an atypical CpG motif consisting of a GCG 
near or at the 5' and/or 3' end of CpG ODN actually inhibited stimulation of proliferation by. 
other CpG motifs. Methylation or substitution of the cytosine in a GCG motifrevases this ~r 
effect. By itself, a GCG motif in an ODN has a modertmitogemc^ffect, though far iower-" - 
than that seen with the preferred CpG motif . . " - . . ^.----^r^: 



Proposed Mechanisms of Action of Immunnstimulatorv N eutraihin^ /tt.// 
Immunoinhihitorv Olif^nmicleotiden 



Unlike antigens that trigger B cells tfuough their sut&ce Ig receptor, CpG- 
ODN4i4jipt inducejny tyrosine phosphorylation, - v V - 

Jhout a CpG motiR^ 
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(1993)), and showed equivalent memhiane binding, cellular uptake, eflQux, and intracellular 

i 

localiMionrTffis suggests ti^ there may not be cell membrane proteins specific for CpG 
' ODNr Rather than^ticttng tfirough the cell menbrane, that data su^ests that unmetfaylated 
CpG containing oligonucleotides require cell iq>take for activity: ODN covalently linked to a 
5 solid Teflon support were nonstimulatoiy, as were biotinylated ODN immobilized on either 
avi<Un beads or avidm coated peiri dishes* ODN conjugated to either FTTC or biotin 
retained fiill mitogenic properties, indicating no steric hindrance. 

The optimal CpG motif (TGACGTT/C is identical to the CRE (cyclic AMP 
1 0 response element). Like the mitogenic effects of CpG ODN, binding of CREB to the CRE is 
abolished if the central CpG is methylated Electrophoretic mobility shift assays were used to 
determine Aether CpG ODN, ^^ch are single stranded, could compete with the binding of 
B cell CREB/ATF proteins to their normal binding site, tiie doublestianded CRE. 
Competition assays demonstrated tfiat single stranded ODN containing CpG moti& could 
1 S completely compete the binding of CREB to its binding site, vMLe ODN without CpG motife 
could not These data support Ae conclusion that CpG ODN exert tiieir mitogenic efifects 
duough interacting with one or more B cell CREB/ATF proteins in some way. Conversely, 
the presence of GCG sequences or other atypical CPG moti& near the 5' and/or 3' ends of 
ODN likely interact with CREB/ATF proteins in a way that does not cause activation, and 
20 may even prevent it 

The stimulatory CpG motif is common in microbial genomic DNA, but quite 
rare in vertebrate DNA. In addition, bacterial DNA has been reported to induce B cell 
proliferation and immunoglobulin (Ig) production, while mammalian DNA does not 
25 (Messina, J.P. et al., J. Immunol 147:1759 (1991)). Experiments further described in 

Example 3, in which mediylation of bacterial DNA widi CpG methylase was found to abolish 
mitogenicity, demonstrates that the difiference in CpG status is the cause of B cell stimulation 
by bacterial DNA. This data supports tfie following conclusion: that unmethylated CpG 
- dinucleotides present witiiin bacterial DNA are responsible for the stimulatory effects of ' 
30 bacterial DNA, ^ , . " ^ - " 

Teleologically, it qjpears likely that lympho^to activation by the CpG motif 
^ repre^ts an immuiie defeiise 1^ / 
DNA. Host DNA would induce little or no lymphocyte activation due to it CpG siqypression 
35 and m^ylation. Bacterial DNA would cause selective lyn^hocyte activation in infected 
^j^sL^jtissuegr: Since the CpG^i^way synergizcs with B cell activation through flxe antigen y - - 
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would therefore tend to be prefe r eatiaily a^vated. The interrelation^p of this pathway with 
other pathways of B cell activation provide a physiologic mechanism employing apolyclonal 
- anligai to induce antigen-specific responses. " '^^^ — -^-^ 



Method for Making Inmunostimulatorv Oli^s 



For use in the instant invention, oligonucleotides can be synth^dzed de novo 
using any of a number of procedures well known in the art For example, the p-cyanoethyl 
phosphoiamidite method (S.L. Beaucage and M.H. Caruthers, (1981) Tet. Let 22:1859); 

10 nucleoside H-phosphonate mrthod (Garegg et al., (1986) Tet Let 27: 4051-4054; Froehler et 
al., (1986) Nucl Acid Res. 14: 5399-5407; Garegg et al., (1986) Tet Let 27: 4055^58, 
Gaflhey et al., (1988) Tet Let 2P:2619-2622), These cheniistries can be performed by a 
variety of automated oligonucleotide synthesizers available in the market Alternatively, 
oligonucleotides can be prepared from existing nucleic acid sequences (e.g, genomic or 

15 cDNA) using known techniques, such as those employing restriction enzymes, exonucleases 
or endonucleases. 



For use m vrvo, oligonucleotides are preferably relatively resistant to 
degradation (e.g. via endo- and exo- nucleases). Oligonucleotide stabilization can be 
20 accomplished via phosphate backbone modifications. A preferred stabilized oligomicleotide 
has a phosphorothioate modified backbone. The pharmacokinetics of phbsphorpthioate ODN 
show that they have a systemic half-life of forty-eight hours in rodoits and suggest that they 
may be useful for in vivo applications (Agrawal, S. et al. (1991) Proc, Natl Acad ScL USA \ ^' 
88:7595)* Phosphorothioates may be syiithesized using autoniated techniqiies employiiig - 
25 either phosphoramidate or Hphosphonate chemistries. Aryl- and alkyl- phosphonates can be 

made e.g. (as described in U.S. Patent No. 4,469,863); and all^lphosphotriesters (in i^ch ^ . ^ 
^.u^the charged oxygen moiety isalkyk^ as described in U.S. Patent No. 5,023^43 and . ^$ 
.^.European Patent No. 092,574) can be prepared by automated solid phase synthesis usingwHi,«^.^ 
commercially available reagents. Methods fi)r making other DNA backbone modifications 
>»^^^lSI»d{sMlftstihJtioHS Im^ and Peyman, A. (1*990) t:*»»t ^ev-^^.^,^^ 

90:544, GoodMld,}. (1990) BiocotyugateChem. 1:165). _ "^'^ 
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For administration in vivo» oligonucleotides may be ass6da]^*vnth a 
molecule that results in higher affinity binding to target cell (e.g. B-cell and natural laUer 
35 (NK) cell) surfaces and/or increased cellular uptake by target cells to form an 
"oligonucleotide delivery. complcK". Oligonucleotides can be ionically» or cova 
associated wimiapinspiia^molecul^lising .techmques :^fiicfifr~ 




succinumdyl-3-(2-pyiidyldithio) propionate (SPDP). Oligonucleotides can alternatively be 
enci9>sulated in liposomes or virbs&ffi^lising well-known techniques. 

The present invmtion is further illustrated by. the following Examples 
5 which in no way should be constraed as fiirdier limiting. The entire contents of all of the 
refonences (including literature references, issued patents, published iratent q)plications, BnST 
co-pending patent implications) dtedthroiighom this ^pUcationa^ 
incotporated by reference. 

10 Therapeutic Uses of Imrmmoxtimulatnrv Olipnx 

Based on their immunostimulatoiy properties, oligonucleotides containing at 
least one unmethylated CpG dinucleotide can be administered to a subject in vivo to treat an 
"inmiune system deficiency". Alternatively, oligonucleotides containing at least one 
unmethylated CpG dinucleotide can be contacted with lymphocytes (e.g. B cells or NK cells) 

1 5 obtained from a subject having an immune system deficiency ex vivo and activated 
lymphocytes can then be reimplanted in the subject 

Inununostimulatory oligonucleotides can also be administered to a subject in 
conjunction with a vaccine, as an adjuvant, to boost a subject's hnmune system to effect 
20 better response from the vaccine. Preferably the unmethylated CpG dinucleotide is 
adniiiiistered slightly before or at the same tune as tiie vaccine. 

Preceding chemother^ with an immunostimulatory oligonucleotide should 
prove useful for increasing the responsiveness of the malignant ceils to subsequ»t 
2S chemotherapy. CpG ODN also tru:reasediuitural killer cell activity in bodihuinan and 

murine cells. Induction of NK activity may likewise be beneficial in cancer immunothen^y. 

Ther/yjeutic Uses £ir Neutral Oliganucleatides " . . 

.. b.. $t-^^ ji I ^ are conq>lementaiy to certain target sequences can be^^ v 

^^it^ 30^^s)T|tihgsj2^ a subject in vivo, .^^ejumple^ antisense oligonucleotides^ 

_ hybridize to complemrataty mRNA^tfaereby preventing eiqiression of a 
^ The sequence-specific effects of antisense oligonucleotides have made them useful research 

tools for the investigation of protein functionr Pliise VH hSSSmlmi^^ 
therapy are now underway for acute myelogenous loikemia and HiV. 

35 

-.^ In additi(m, oligonucleotide probes.(i.e^^ligonucleQtides with a detectable . . 
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probes may be useful for diagnosing certain diseases that are caused or exacerbated by certain 
DNA sequences (e.g. systemic li^us erythematosus, sepsis and autoimmune diseases).^ 



10 
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Antisense oligonucleotides or oligonucleotide probes in i^ch any or all CpG 
dinucleotide is mettiylaled» would not produce an inmume reaction i^en administered to a 
subject in vivo and therefore ivould be safer than die corresponding non-methylated Q>G 
containing oligonucleotide. 

For use in therapy, an effective amount of an appropriate oligonucleotide 
alone or formulated as an oligonucleotide delivery complex can be administered to a subject 
by any mode allowing the oligonucleotide to be taken up by the appropriate target cells ( e.g. 
B-cells and NK cells). Preferred routes of administration include oral and transdermal (e.g. 
via a patch). Examples of other routes of administration include injection (subcutaneotis, 
intravenous, parenteral, intraperitoneal, intrathecal, etc.). The injection can be in a bolus or a 
continuous infusion. 



An oligonucleotide alone or as an oligonucleotide delivery complex can be 
adiiiiriistered in conjuiiction with a pharmaceutically acceptable carrier. As used herein, the 
phrase **phannaceutically acceptable carrier** is intended to include substances that can be 

20 coadministered with an oligonucleotide or an oligonucleotide delivery complex and allows 
the oligonucleotide to perform its intmded function. Examples of sudh carriers include 
solutions, solvents, dispersion media, delay agents, emulsions and the like. The use of such 
media for pharmaceutically active substances are well known in tiie art Any other 
conventional carrier suitable for use with the oligonucleotides falls within the scope of the 

25 instant invention. , ^ 

The language "effective amount" of an oligonucleotide refers to that amount 
necessary or sufficient to realize a desired biologic effect . For example, an effective amount 
of an oligonucleotide containmg at least one methylated CpG for treatmg an immune system 

fiin g al.infection: An effective amount for use as a vacdne adjimmt could be diat amount _ 
useful for boosting a subjects immune response to a vaccirieT An '•effective amount" of an 
^^ligOTUcleofide lacking a noxMne&ylated CpG for use in treating a disease associated with ; 
immune system activation, could be tfiat amount necessary to outcono$>ete non-methylated 
35 CpG containing nucleotide sequences. The efifective amount for any particular implication 

• " ' ' ^' condition being treated, the piut^^^ 



pending oii such factors as the disease 
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condition. One of ordinary skill in the art can empirically determine the effective amount of 
a particular oligonucleotide without necessitating undue eiqiarimefiation."^ 

The studies reported above indicate Aatunmetfaylated CpG containing 
oligonucleotides are directly mitogenic for lynq)hocytes (e.g. B cells and NK cells). Togetho* 
with the presence of these sequences in bacterial DNA, these results sugg^ that the 
underrepresentation of CpG dinucleotides in animal genomes, and the extensive metiiylation 
of Q^sines present in such dinucleotides, may be explained by Ae existmce of an immune 
defense mechanism that can distinguish bacterial fix>m host DNA. Host DNA would 
conunonly be present in many anatomic regions and areas of inflammation due to tyoptosis . 
(cell death), but generally induces litde or no lymphocyte activatiorL However, the presence 
of bacterial DNA containing unmethylated CpG motifi can cause lymphocyte activation 
precisely in infected anatomic regions, where it is beneficial. This novel activation pathway 
provides a rapid alternative to T cell dq>endent antigen specific B cell activatioiL However, 
it is likely that B cell activadon would not be totally nonspecific. B cells bearing antigen 
receptors specific for bacterial products coxild receive one activation signal through cell 
membrane Ig, and a second fiom bacterial DNA, thereby more vigorously triggering antigen 
specific immune responses. 



20 
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As with other inunune defmse mechanisms, the response to bacterial DNA 
could have undesirable consequences in some settings. For example, autounmune responses 
to self antigens would also tend to be preferentially triggered by bacterial infections, since 
autoantigens could also provide a second activation signal to autoreactive B cells triggered by 
bacterial DNA. Indeed the induction of autoimmunity by bactcnal infixtioos is a o^ 
clinical observance. For example, die autoinmiune disease systemic lupus erythematosus, 
^ch is: i) charactoized by the production of anti-DNA antibodies; ii) induced by drugs 
v^ch inhibit DNA mediyltransferase ( Comacdiia, E J. et al., J. Clin. Invest. 92:38 (1993))r 
and iii) associated widi reduced DNA methylation ( Ridiardson, B., L. et al., Artfi Mteum - ; -^^^ t:. 
35:M7 (1992)), is likely triggered at least in part by activation of DNA-specific B cells ? #-'4^ ^-J&^i^ 
through Stimulatory signals provided by CpG motife, as well as by Iniiding of bacterial DNAf - ^ 



to antigen receptors. ^ 



sepsis, which is characterized by hi{^ mcn^ and mortaliQTS^I^f?^^^^ 
massive and nonspecific activation of die irmnune system may be initiated by bactmal DNA^^^ 

and other products released fiom dying bacteria that reach cbnceh^^ons suflBcient to. ^ 

'i ^■^^^"'ifi"^^' u ^- ^ -^'■^^*^^^"" 
,^^rectiy activate many lymphoc^ ^ ^ " ' " ^ ^ 
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Lupust sepsis and other "diseases associated with imnw ne system activation" 
may be treated, prevented or ameliorated by administering to a subject oligonucleotides 
lacking an xmmethylated CpG dinucleotide (e.g. oligonucleotides that do not include a CpG 
motif or oligonucleotides in \^ch the CpG motif is methylated) to block the binding of 
S uimiettiylated CpG containing nucleic acid sequences. Oligonucleotides lacking an 

uiunethylated CpG motif can be administered alone or inconjunctidn with compositions that 
block an immune cell's reponse to other mitogenic bacterial products (e.g. LPS). 

The following serves to illustrate mechanistically how oligonucleotides 
1 0 containing an unmethy lated CpG dinucleotide can treat, prevent or ameliorate the disease 
lupus. Lupus is conmioiily thought to be triggered by bacterial or viral iiifectioiis. Such 
infections have been reported to stimulate tiie production of nonpathogenic antibodies to 
single stranded DNA. These antibodies likely recognize primarily bacterial sequences 
including uiunethylated CpGs. As disease develops in lupus, the anti*DNA antibodies shift 
IS to pathogenic antibodies that are specific for double-stranded DNA. These antibodies v^uld 
have increased binding for methylated CpG sequences and their production would result from 
a breakdown of tolerance in lupus. Alternatively, li^us may result when a patient's DNA 
becomes hypomethylated, thus allowing anti-DNA antibodies specific for uiunethyiated 
CpGs to bind to self DNA and trigger more widespread autoimmunity through the process 
20 referred to as "epitope spreading". 



25 



In either case, it may be possible to restore tolerance in li^us patients by 
coupling antigenic oligonucleotides to a protein carrier such as gaxmna globulin (IgG). Calf- 
thymus DNA complexed to gamma globulin has been reported to reduce anti-DNA antibody 
formation. 



30 



Therapeutic Uses of Olims ContainmvGeG frlmicleatid& fj^gnen^ifx^ainr 



trinucleotide sequences at or near both termini have antiyireU a^^ 

antisense effect due to complementarity between the oligonucleotide and the viral sequence 
being targeted. Based on this activity, an effi^ve amoint ofinhibitory o can^ 
be adnimistered to a s^^^ treat or prevent a vilntf ^ -^l^irx 



35 
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EXAMPLES 

Rnm^le h FfiectK qfODNx nn R C^U Tntal RNA Synthesis md Cell Cvcle 
B ceils were purified finnn spleens obtained from 6-12 wk old specific 
5 pathogm fiee DBA/2 or BXSB mice (bred in Ike Univmily of Iowa animal care fiicility; no 
substantial strain di£ferenc^'were noted) that were depleted of T cells with anti-Tliy-L2 and 
complement and centrifiigation ova: lyn^iholyte M (Cedarlane Laboratories, Hornby, 
Ontario, Canada) ("B cells"). B cells contained fewer than 1% CD4+ or CD8+ cells. 8x10^ 
B cells were dispensed in triplicate into 96 well miootiter plates in 1 00 ^l RPMI containing 

10 10% FBS (heat inactivated to eS^'C for 30 min.), 50 2-mercaptoelfaanol, 100 U/ml 

penicillin, 100 ug/ml streptomycin, and 2 mM L*-glutamate. 20 ^M ODN were added at the 
start of culture for 20 h at 37^C, cells pulsed with 1 ^Ci of uridine, and harvested and 
counted 4 hr later. Ig secreting B ceils were enumerated usii3g the ELISA spot assay after 
culture of whole spleen cells with ODN at 20 for 4B hr. Data, reported in Table 1 , 

IS represent the stimulation index compared to cells cultured without ODN. Cells cultured 

witiiout ODN gave 687 cpm, ^^diile cells cultured with 20 ^g/ml LPS (determined by titration 
to be the optimal concentration) gave 99,699 cpm in this experiment thyrrudine 
incorporation assays showed similar results, but with some nonspecific inhibition by 
thymidine released fiom degraded ODN (Matson. S and A.M Krieg (1992) Nonspecific 

20 suppression of ^H-thynudine incorporation by control oligonucleotides. Antisense Research 
md Development 2:325). 

For cell cycle analysis, 2 X 1 0^ B cells were cultured for 48 hr. in 2 ml tissue 
culture medium alone, or witii 30 ^g^ LPS or witii tiie indicated phosphorothioate modified^^ 
25 ODNatlfiM. Cell cycle analysis was permed as described in CDarzynkiewicz, Z. et al., 
Proc. Natl Acad Sci. USA 75:2881 (1981)). 




- -v^^^ - • " i.'Si' -'-.r:.!* ,-^.v-^.- 



t fl:; J i ^ To t^ thie mito^^c^efl^ts^^ 



monocyte cells (PBMCs) were obtained fiom two patients witfivdubnic lymphocytic" . v ^^iiS^ -^i^^f'^^^^^^^i 
W leukemia (CLL), a disease in whibfith^ circidatirig cells are'^ttifllig^ 
l^^^^^^^ri Cuitar^±}T 48 brs and pidsed for 4 hours witii tritiated tfaymidme as cbscrited above^ # ^^^^^ 

~ FMmlf^tmcti^ (if ODN an Production Qfm.from B celLs ^ 

- ; il" Siiigle ceU suspenaoris fiom the spleens of freshly kiUednii 

^ - " ' - -^^l^r^ witii anti-Thyl, arifi^aH arwl ami-CD8 and conq)lement by tiws mettiod of Leibson et al.; J, 

i .^ells (<,02% T cell oontaminiBtioii) wete isolated 
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20 ^g/ml LPS for 48 hr. The number of B cells actively secreting IgM was maximal at this 
time point, as determined by ELIspot assay (Klinman, D.Mr et al. J. Immunol. 144:506 
(1990)). In that assay, B cells were incubated for 6 hrs on anti-Ig coated microtiter plates. 
The Ig th^ produced (>99% IgM) was detected using phosphatase-labelled anti-Ig (Soutfaem 
Biotechnology Associated* Birmingham, AL). The antibodies produced by individual B cells 
were visualized by addition of BCIP (Sigma Chemical Co., St Louis MO) ^ch forms an 
insoluble blue precipitate in die presence of phosphatase. The dilution of ceils producing 20 - 
40 spots/well was used to determine the total number of antibody-secreting B cells/sample. 
All assays were performed in triplicate. In some e}q)eriments, culture siq^matants were 
assayed for IgM by ELISA, and showed similar increases in response to CpG-ODN. 



table 1 

£ftffwfeJ; B€ell Stimulation by Bacterial DNA 
DBA/2 B cells were cultured with no DNA or 50 jig/ml of a) Micrococcus 
1 5 lysodeikticus; b) NZB/N mouse spleen; and c) NFS/N mouse spleen genomic DNAs for 48 

hours, then pulsed with thymidine for 4 hours prior to cell harvest. Duplicate DNA 

samples were digested with DNAse I for 30 minutes at 37 C prior to addition to cell cultures. 

E coli DNA also induced an 8.8 fold increase in the number of IgM secreting B cells by 48 

hours using the ELISA-spot assay. 

20 

DBA/2 B cells were cultured with either no additive, 50 |ig/ml LPS or the 
ODN 1 ; la; 4; or 4a at 20 uM. Cells weie cultured and harvested at 4, 8, 24 and 48 hours. 
BXSB cells were cultured as in Example 1 with 5, 10, 20, 40 or 80 ^M of ODN I; la; 4; of , , 

4a or LPS: In this experiment, welb with no OPN had 3833 cig^^ 
25 performed at least three times with similar results. Standard devi^ons of ih& triplicate wells 

were<3%. . , . ^ . ' 




~ Zl6.x.l66C5^1J6sol(BenceUsvi«r^ 




T-JfljUO^ C57BL/6 spleen ceUs wra? 
as described for Example 1) with or without 40 
hours. Cells were'washed,iand^then used as ef^^ 
with YAC-1 and 2C1 1 , twfftlK^nsitive taigetj. 
Imnrnol. 150:17). Ef6»tor cells were added atjvaridi&dbnc^^tf^ 

ta^et cells in V-bottom microtiter plates in 02 ml,;iu^ iticiibi?^ in ;5% CP2 for 4 hf^at -^^S -!^- .ti3^^ 



i^^l^b^Gfeffileaseassitijs^^^a^^s: 



r >^ -^^^S^^ '^' r35 r^r37?C.-Plates were then centrifiiged, and an aliquot o^^e supe^lant poimted fd 



T>;rMioactivity; Percent specific lysis was 

\i - nidsence of efifector cdls nmiol 





cultured alone, over the total counts released after cell lysis in 2% acetic acid minus the ^^Cr 
cpm released vAien the cells are cultured alone. 



Examples: In vivo studies with CpG pho^harothioate ODN 
5 Mice were weighed and injected IP witib 0.25 ml of steiile PBS or the 

indicated phophorothioate ODN dissolved in PBS. Twen^ fduT hours later, spleen c^lls w^rae 
harvested, washed, and stained for flow cytometry using phycoeryflirin conjugated 6B2 to"^ 
gate on B cells in conjunction with biotin conjugated anti Ly-6A/E or anti-la^ (Pharmingen, 
San Diego, CA) or anti-Bla-1 (Hardy, RJL et al., J. Exp. Med 159:1169 (1984). Two mice 
10 were studied for each condition and analyzed individually. 

Exar^ple 6 Titration of Phophorothioate ODN for B Cell Stimulation 
B cells were cultured witii phosphorothioate ODN with the sequence of 
control ODN 1 a or the CpG ODN Id and 3Db and then either pulsed after 20 hr with 
1 S uridine or after 44 hr with thymidine before harvesting and determining cpm. 



Exan^le 7 Rescue of B Cells From Apoptosis 

WEHI-231 cells (5 x lO^/well) were cultured for 1 hr. at 37 C in the presence 
20 or absence of LPS or the control ODN la or the CpG ODN Id and 3Db before addition of 
anti-IgM (1 ^/ml). Cells were cultured for a further 20 hr. before a 4 hr. pulse with 2 ^Ci/well 

thymidine. In this experiment, ceUswidi no ODN or anti-IgM gave 90.4 x lO^ 'by ; ' ^ 
addition of anti-IgM. The phosphodiester ODN shown in Table 1 gave simil^ protection; 
though with some nonspecific siqipression due tolODN degTadatipii^ Each ^xperimoit was;£:£r 
25 repeated at least 3 times with similar results. ^ 
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Example 8 In vivo induction ofIL-6 ^ 
^^^^^alc^G^ (2 mos. old) w^^'^ S^T0&:^0f^ 
phosphorotlu^HODNi^At^'m time pbihts after injection,;ttie inice were bled.]. Two .^^^^.^ 
mice were studpi for^li timel pomt IL-6 was measured by lElisa, and lL-6 concentration 
was calcul^ ^^ ^cpmparison to a stmdard curve generatb^l^iiKi^ re^ IL-6.tThe 
sensitivity 6;|^iassa]^^ 10 pg/ml. I^els wane undetec^ie after 81^^^ v^ -: 

man^lemMhdingqfBcellCREB/AtFtn:a1^ 

^ hol^^^ ^^^^ m CHIZLX^^ 1 
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CREB/ATF pTOtein(s) binding to the CRE were con4)eted by the indicated amoisnt of cold 
CRE,andbysinglerstrandedCpQQDN,butnotbynon-CpGODN. ^ 



E^nivalents 

S Those skilled in the art will recognize, or be able to ascertain using no more 

than routine cTq^erimentation, many equivalents of tilie specific embodiments of the invention 
described herein. Such equivalents are intended tol>e encompassed by the following claims. 
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SEQUENCE LISTIHO 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: Arthur M, Krieg, M.D. 

(ii) TITLE OP INVENTION: IMMONOmnOLATORY OLIGONUCLEOTIDES 

(iii)^ NUMBER OP SEQUENCES: 27 



15 



20 



25 



30 



35 



40 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET: 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 
(P) ZIP: 02109-1875 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: ASCII text 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: ARNOLD, BETH E. 

(B) REGISTRATION NUMBER: 35,4Vo 

(C) REFERENCE/DOCKET NUMBER: UI2-013CP 



(ix) TEIJSCOk^iCAtiON' INFORMATION 

(A) TELEPHONE: (617)227-7400 

(B) TELEFAX: (617)227-5941 



,(2)^„XNF0RMATI0N FOR SEQ ID^.Np:l: 




^ 45 



"(i) SEQUENCE CHTOlACTERS^tlCS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
(DT" TOPOLOGY: linear - 



^ ( i i ) : MOLECULE TYPE : DN^^ rT 



(xi) SEQUENCE DESCRIPTION: SEQ ID Np:l: 



WO96/02555 ^ _ -v.- - . PCT/DS95/01570 

, .'"^iimU. .1.... , - 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 2: 
GCTAQACGTT AGCGT 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GCTAGATGTT AGCGT 

(2) INFORMATION FOR SEQ ID N0:4: 

( i ) SEQUENCE CHARACTERISTICS : ; ^ : 

(A) LENGTH: 15 base pairs', 

(B) TYPE: nucleic acid f^^^y 

(C) STRANDEDNESS: single' 
{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



15 



(ix) FEATURE: ' -r^^-fc^j. 

(A) NAME/KEY: misc_feature - ^ _ _ . . 

**<B) LOCATION: 7 - 
(D), OTHER INFORMATION: "N indicates 5 methyl-cytosine." 



(xi)-^EQUBNCE DESCRIPTION:, SEQ^ijD^Wp^ -4 r 



GCTAQANGtT AGCGT j 
(2) INFORMATION FOR SEQ ID NO: 5: 




15 
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(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii)^.MOLECTLB TYPE: DMA 



PCr/US9S/01570 
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(ix) FEATORB: 

(A) NAME/KEY: fnisc_f eature 

(B) LOCATIOH: 13 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine* 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GCTAGACGTT AGNGT 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GCATGAC6TT QAOGT- 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: j 
. (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 



. . . : '^^J^ . 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7i 
ATGGAAGGTC CAGC(3TTCTC- 



20 



(2). .INFORMATION FOR SEQ ID NO: 8: 




F:. (i) SEQUHTCE CHARACTERISTICS: 
r*""" (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 
f {i- tO). TOPOLOGY: ^linear 




"iif %I^cb^ 





(xi) SEQUBKCE DESCRIPTION: SBQ ID Wj:. 8 :* 7 ; , 



ATCC5ACTCTC GAGCX3TTCTC 20 
(2) INFORMATION FOR SEQ ID NO: 9: 

10 (i) SEQDENCE CKARACTBRISTICS : 1 . - 

(A) LENGTH: 20 base pairs ~ 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

15 

(ii) MOLECULE TYPE: DNA 



20 (ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 3 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine" 

25 (ix) FEATURE: 

(A) NAME/KEY: misc_featur€ 

(B) LOCATION: 10 - - 
(D) OTHER INFORMATION: "N indicates 5 methyl cytosine". 

30 (ix) FEATURE: 

(A) NAME/KEY: raisc_feature 

(B) LOCATION: 14 

(D) OTHER INFORMATION:; "N indicates 5 methylr cytosine" / 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 :i-'^r^ * - ' '"yX} Lj v : ; - 

ATN(3ACTCTN GAONGTTCTC / ~ c , 'r^:"Zl. , ':20 - 

(2) INFORMATION FOR SEQ ID NO: 10: 

40 

(i) SEQtJBNCE CHARACTERISTICS : : . i?^" - ^^t^- '' "J^J^IZP^* ^ ~:r r - = - 
: (A) LENGTH: 20 base pairs . T . \ ; - ; '/ ' , , 

(B) TYPE: nucleic acid - ■i-y^-f^'^' ^ : . 

(C) STRANDEDNESS : single, - : ■ v 

45 (D) TOPOLOGY: linear :• - 1^'. J. . . , ^ 
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^ _ ATNQACTCTC GAGCGTTCTC 20 
(2) INFORMATION FOR SBQ ID NO: 11: - 

5 (i) SEQUENCE CHARACTBRISTICS : 

(A) LENGTH: 20 base pairs 

(B) TVPS: nucleic acid 

(C) STRANDEDKBSS : single 

(D) TOPOLOGY: linear 

10 

(ii) NOLBCOLE TYPE: DNA 



IS (ix) FEATtmE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 18 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine" 
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ATCGACTCTC GAGCGTTNTC 20 
(2) INFORMATION FOR SEQ ID NO: 12: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
30 (D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

ATGGAAGGTC CAACGTTCTC 20 

40 (2) INFORMATION FOR SBQ ID NO: 13: 

- (i) SEQUENCE CHARACTERISTICS: - * J 

(A) LENGTH: 20 base pairs ■-' ! " 

— ^-^{B) TYPE: nucleic acid _ ^ 

45^^^ (C) STRANDEDNESS: single " - ' 

-^--a;^^ (D) TOPOLOGY: linear . 



v : ; t: ' - MOLECULE TYPE: DNA - " ^ . ' . 

v^.^^., ^ (xi) SEQUENCE DESCRIPTION: SEQ IDN0:13 : ^ r 4^.- : . ^ - / ^ 




(i) SEQUENCE CHARACTERISTICS: 

(A) : LENGTH: 20 base pairs 

(B) ^TYPE: nucleic acid - 

(C) STRANDEDNESS : single . 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GAGAACGCTC GACCTTCCAT 
(2) INFORMATION FOR SEQ ID NO: 15: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15: 
GAGAACGCTC GACCTTCGAT 
(2) INFORMATION FOR SEQ ID NO:16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



20 



20 



(xi) SEQUENCE DESCRIPTION: SEQ > ID NO: 16: 
45 QAQCAAGCTG GACCTTCCAT . . v " 

— (2) INFORMATION FOR SEQ ID-NO: 17: 



(i) SEQUENCE -CHARACTERISTICS: 
50 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single^ 

(D) TOPOLOGY: linear 



.-:.20 
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(ix) FEATURE: 

* -^^piOJffi/KEY :-inisc_f eature ' 

...^BJ^J^gCATION: 6 . . , 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine" 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 17: 

GAQAANGCTG GACCTTCCHT 

(2) INFORMATION FOR SEQ ID NO: 18: " " : ' 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
{B) TYPE: nucleic acid 
to STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



20 



(ix) FEATURE: 

(A) NAME/KEY: misc^featnre 
25 (B) LOCATION: 14 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

30 GAGAACGCTG GACNTTCCAT 

(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS:..; 
35 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid ' 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE; DNA 



20 



45 
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<xi)^SEQUENCE DESCRIPTION: SEQ ID NO: 19 

GAGAACGATG 6ACCTTCCAT 

"t21^NF0RMATI0N FOR SEQ ID NO: 20: 

V ^ : (i) ^SEQUENCE CHARACTERISTICS: _ 
- -^ .(A) LENGTH: 20 base pairs 
^ (B) TYPE: nucleic acid 
' :r ' (C) STRANDEDNESS: single 

\(D). TOPOLOGY: linear 



20 
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(xi) SEQUENCE DESCRIPTION:^ SEQ ID NO: 20: 



0 OAGAACGCTC CAGCACTGAT 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
10 * (A) LENGPTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNESS : single 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: DNA 



20 



20 



25 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
TCCATGTCGG TCCTGATGCT 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
TCCATGCTGG TCCTGATGCT 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: - - - 

(A) LENGTH: 20 base pairs j 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

X±i) MOLECULE TYPE: DNA _ 



20 



(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 8 
{D| OTHER INFORMATION: "N indicates 5 methyl cytosineL:- 

(xiV rSEQUENCE PBS^RI^ 
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7CCAT6TMGG TCCTOATGCT 
■r -----^ 2)— INFORMATION FOR SEQ ID NO: 24: 

S (1) SEQUENCE CSARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



10 



(ii) MOLECDLE TYPE: DNA 



20 



15 (ix) FEATURE: 

(A) NAME/KEY: misc_feature 
<B) LOCATION: 12 

(D) OTHER INFORMATION: "N indicates 5 methyl cytosine" 
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

TCCATGTCGG TNCTGATGCT 20 
(2) INFORMATION FOR SEQ ID NO:25: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: DNA 

35 _ , 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 
TCCATGACGT TCCTGATGCT 20 
40 (2) INFORMATION FOR SEQ ID N0:26: 

r^f" -" Ii) SEQUENCE CHARACTERISTICS: ' 

- "(A) LENGTO: 20 base pairs - - - 

(B) -TYPE: nucleic, acid, ■ " " - - 

45 ^t^-^ ... (C) ^STRAippDNESS: single • " 
. - -.^f**^ , (D) TOPOLOGY: linear 



50 



' (ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2e: 



TCCATGTCGQ TCCTQCTGAT on 



38- 
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(i) SEQUEKCB CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
i.>Pi«i i« M" TYPE: nucleic acid 
^ ^ . (C) -STRANDEDNBSS : , single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DHA 



10 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GGGGTCAAGT CTGAGGGGGQ 



20 





CLAIMS 



1. An oligonucleotide comprising fix>m about 2 to about 100 nucleotides 
and containing at least one unmethylated CpG dinucleotide. - 

2. The oligonucleotide of claim 1 which contains a sequence represented 
by the following fonnula: 

5' X1X2CGX3X4 3' 

wherein C and G are unmethylated, Xj, X2, X3 and X4 are nucleotides and 
a GCG trinucleotide sequence is not present at or near the S' and 3* tennini. 

3. The oligonucleotide of claim 2 having a phosphate backbone 
modification. 

4. The oligonucleotide of claim 3 wherein the phosphate backbone 
modification is a phosphorothioate backbone modification. 

5. The oligonucleotide of claim 1 comprising the following nucleotide 
sequence: 

5* GGGGTCAACGTrOAGGGGGG 3' (SEQ ID NO: 1) 

6. The oligonucleotide of claim 5 having a phosphate backbone 
modification. 

7. The oligonucleotide of claim 6 >^erein the phosphate backbone : 
modification is a phosphorothioate modification. 

8. An-oligonucleotide delivery complex comprising the oligonucleotide of 
claim I and a targeting means. t . ^ 

9. An oligonucleotide delivery complex of claim 8, wherein tfie targeting 
means is selected from the group consisting of cholesterol, virosomef 
liposome, Upi4,jmd.a^rget ceU.sog^^ 




10. A pharmaceutical composition comprising the oligonucleotide of claim 9 
andaphaniiaccuticallyaccq>tablec£mer, i : ' . ^ 

1 1 . A pharmaceutical composition con^rising the oligonucleotide of claim 2 
and a phannaceuticallyaccq)table carrier. .r- /'^'^ 

12. A metiiod for activating a subject's B cells comprising contacting the B 
cells with an effective amount of the oligonucleotide of claim 1. 

1 3. A method for activating a subject's B cells comprising contacting the B 
cells with an effective amount of the oligonucleotide of claim 2. 

14. A method for activating a subject's natural killer cells comprising 
contacting the natural killer cells with an efBective amount of the 
oligonucleotide of claim 1. 

1 5. A method for activating a subjects natural killer cells comprising 
contacting the natural killer cells with an eflFective amount of the 
oligonucleotide of claim 2. 

1 6. A method for treating, preventing or ameliorating an immune systm 
deficiency in a subject comprising administering to the subject an effective 
amount of a pharmaceutical composition of claim 10. 

1 7. A metiiod for treating, preventing or ameliorating an immune system 
deficiency in a subject comprising the steps of: 

a) contactii^ lymphocytes obtained from ttie sulqect wth 

a composftion of claim 1 ex vivo, thereby pxioducing activated 
lymphocytes^and . - - - - - ^ • 

b) readministering the activated lymphocytes obtained in step a) to the 
subject. ^ ; . 
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i 9/ A method for treating a disease associated with an immune system 
5 activation in a subject comprising administering to the ^s^^ 

amoimt of a neutral oligonucleotide alone or in conjunction with a 
phannaceutically acceptable carrier. 

20. A method of claim 19 wherein the disease associated with immune system 
10 activation is systemic lupus erythematosus, 

21. A method of claim 1 9 wherein the disease associated with immune 
system activation is sepsis. 

1 5 22. An improved method for perfomiing antisense therapy comprising 

methylating CpG containing oligonucleotides prior to administration to a 
subject. 

23. An improved method for in vivo diagnoses using oligonucleotide 
20 probes comprising methylating CpG containing oligonucleotides prior to 

administration to a subject 

24. An oligonucleotide which is capable of interfering with the activity 
of viral or cellular transcription factors and containing a consensus 

25 immunoinhibitory CpG motif represented by the formula: 

5'GCGXnGCG3' 
wherein X = a nucleotide and n = in the range of 0-50. 
""25. An oligonucleotide of claim 24, v^erein X is a pyrimidine. : 1 ^ 



35 



26. An oligonucleotide of claim 25, v&ereih Xo^is a CpG _ 
dinucleotide. 

27- A method for treating or preventing a viral infection in a subject 
compriising administering to the subject an immimoinhibitory oligonucleotide 
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